The Rh antigen activity of human erythrocyte membranes was lost following extraction with 100% I-butanol, but could be regenerated by the addition of the membrane extract or of a chloroform-methanol extract of human plasma. 'Studies of the extract by silicic acid and diethylaminoethyl cellulose chromatography, thin layer chromatography, and digestion with snake venom indicate that the active component is phosphatidylcholine.
Preliminary data suggest that the lecithin must contain unsaturated fatty acids.
Unlike the carbohydrate antigens ABO and MN, the chemistry of the Rh antigens of human erythrocytes is unknown. This is partly because of the failure to obtain Rh antigen activity in soluble form. To study the possibility that some type of lipid-protein interaction is responsible for this antigenic activity, the effects of organic reagents were examined. These studies lead to the conclusion that lecithin is required for Rh antigenic activity.
The role of the phospholipid in this situation appears to be analogous to its requirement for certain membrane-bound (1) and bacterial cell wall-bound enzyme activities (2) ' The term antigen activity will be used to define reactivity with specific antibody.
No studies of immunogenicity, that is the elicitation of specific antibodies,, have been carried out since animals are not suitable for such studies.
Erythrocyte membranes were prepared and Rh antigenic activity measured by the absorption of monospecific antibody,' both as previously described (3) .
Extractions with 100% butanol were carried out at room temperature.
Organic reagents were freshly distilled prior to use. Estimations of nitrogen (4) and lipid phosphorus (5) were carried out. Chloroform-methanol extraction and wash-* This research was supported by United States Public Health Service Grants HD 02370 and AM 05581.
1 This method, while having complete specifkity, suffers from defects n quantitation inherent in all systems where cell agglutination is used as the end point.
ing followed the procedure of Folch, Lees, and Sloane Stanley (6) . All organic reagents were removed in a vacuum prior to Rh testing.
Thin layer chromatography was performed on Silica G (Warner-Chilcott Laboratories) using the following solvent system: chloroform, 50; methanol, 30;~glacial acetic acid, 8; and water, 4. Column chromatography using silicic acid A (Bio-Rad Laboratories) was used to separate the neutral lipids from the phospholipids.
The column was equilibrated with chloroform and the sample was applied in the same solvent.
Chloroformmethanol (7 : 1) was used to elute the neutral lipids (free of phospholipids by thin layer chromatography).
The phospholip?ds were then eluted with chloroform-methanol, 1:5. The technique of Rouser et ~2. (7) using DEAE-cellulose (Bio-Rad Laboratories) in organic reagents was employed here. The column (acetate form) was equilibrated with chloroform-methanol (7 : 1) and the sample was applied in the same solvent.
The first fraction contained phosphatidylcholine with traces of sphingomyelin and lysolecithin and was free of other phospholipids.
Preparative thin layer chromatography was performed with the use of l-mm thick plates. At the end of the run, the edges of the plates were sprayed with dichlorofluorescein to identify the lecithin band which was then scraped off and eluted with chloroform-methanol, 1:5. Purified phospholipids (bovine and egg) were obtained from Applied Science Laboratories, State College, Pennsylvania. When these were examined by thin layer chromatography (with more than 0.3 mg), traces of lysolecithin and contaminants running with the solvent front were noted. This was compatible with the manufacturer's claim of greater than 96% purity.
Reduced (hydrogenated) egg lecithin was also obtained from Applied Science Laboratories.
Phospholipase A (C;rotaZus adamunteus venom, Ross Allen Reptile Institute, Silver Springs, Florida) was employed by the method of Hanahan, Rodbell, and Turner (8) in aqueous diethyl ether with lecithin (from Applied Science Laboratories or extracted from plasma sources) as substrate.
In some experiments, minor contaminants of lysolecithin and sphingomyelin (not degraded) were present.
The lysolecithin produced by enzyme action was insoluble and was removed by centrifugation. The precipitate was shown by Hanahan et al. (8) to contain the enzyme.
The Rh antigenicity of Rh(D)-positive erythrocyte membranes was abolished after extraction with 1-butanol. The antigen activity could be in large part regenerated by the addition of a concentrated extract in 1-butanol or benzene. The butanol extract from Rh(D)-negative erythrocyte membranes also restored the antigenic activity to D-positive extracted membranes and the extract itself showed no Rh antigen activity by hemagglutination inhibition.
The maximum regeneration of Rh antigen activity compared with the unextracted membranes was 50 to 75%. Thus, the specificity remained associated with the extracted membranes in unexpressed form. Washed chloroform-methanol extract from human plasma also restored Rh antigen activity to butanol-extracted membranes.
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The mixtures were then frozen in a Dry Ice bath and subjected to vacuum sublimation. After removal of the solvent, l-ml volumes of anti-Rh antibody solution (in phosphate buffer, pH 7.0, or 5% bovine serum albumin) were added, followed by incubation at 37' in an agitating water bath for 60 min. The membranes were then centrifuged at 12,000 X g for 60 min and the supernatant fluids were studied for residual antibody activity with the use of 2% trypsinized Rh-positive cells (3 These results would be expected to depend on uptake of the active fraction of extract by the extracted membranes. This question was resolved by experiments ba.sed on the observation that benzene extraction of the lyophilized erythrocyte membranes did not affect the Rh antigenic activity but that the active component of the butanol extract was soluble in benzene. Butanol-extracted membranes were incubated with the butanol extract that had been redissolved in benzene, and the solvent was removed in a vacuum.
Three successive washes with benzene were carried out and an aliquot of the third wash corresponding to the occluded volume of solvent was studied for phosphorus content.
After removal of the benzene, the membranes were re-extracted with 1-butanol and this extract was studied for lipid phosphorus content and by thin layer chromatography.
These data were compared with those from a second butanol extraction of the untreated butanol-extracted membranes. The total phosphorus and thin layer chromatographic patterns were the same, indicating that there was no binding of phospholipid to the membranes in benzene (Table I) .
This experiment was repeated except that the butanol extract was dispersed in phosphate buffer (pH 7.0, 0.05 M) or in 0.9% sodium chloride.
After centrifugation and washing the water was removed by lyophilization.
The membranes were then re-extracted with butanol and it was found that 3 times the lipid phosphorus was extracted compared to a second extraction of untreated butanol-extracted membranes.
Thin layer chromatography of the two revealed that the additional butanolextractable material was lecithin.
The butanol-extracted membranes were incubated with an aqueous dispersion of the butanol extract (butanol removed) in dilute phosphate buffer and Rh activity was found to be regenerated.
Thus, the lecithin of the extract appeared to reattach to the butanol-extracted membranes and this took place in an aqueous environment, not in organic solvent (i.e. benzene).
The nature of the active component was studied further. A washed chloroform-methanol extract of human plasma was prepared.
The first fraction from DEAE-cellulose chromatography (acetate form) was free of phosphatidylserine and phosphatidylethanolamine, phosphatidic acid, and fatty acids. However, it did contain neutral lipids which were separated by silicic acid chromatography.
The predominant phospholipid was lecithin with minor amounts of sphingomyelin and lysolecithin. After acetone precipitation, the washed precipitate had a P:N ratio of 0.97 and restored antigenic activity to the butanol-extracted membranes when 16Opg of phosphorus were incubated with 40 mg of Rh-positive butanol-extracted membranes.
For maximum regeneration, 5 times as much phosphorus was required. Lecithin was found not to affect the assay of Rh antigen activity when added to unextracted Rh-positive membranes.
To establish further that lecithin, not the sphingomyelin or lysolecithin contaminants, was the active component, the lecithin band was eluted from the silica gel with chloroform-methanol, 1: 5, after identifying the band edges with dichlorofluorescein. After concentration of the eluate, examination by thin layer chromatography revealed one band and the concentrated phospholipid restored the Rh antigenicity to butanol-extracted Rhpositive membranes.
In some experiments, overloading the plate indicated trace contamination with sphingomyelin. Phosphatidylcholine from ox brain and egg (Applied Science Laboratories)
were capable of restoring the Rh antigenicity to butanol-extracted Rh-positive membranes at the same phosphorus level as the lecithin isolated from human plasma (Table  II) Hydrogenated egg lecithin had only slight capacity to restore Rh antigenicity when compared on a weight basis with the nonreduced lecithin.
The hydrogenated lecithin contained 9% unsaturated fatty acids2 compared with 50% in the native phospholipid.
To exclude the possibility that some minute contaminant in the lecithin (not identified in thin layer chromatography) was responsible for the regeneration of Rh antigenicity of the butanol-extracted membranes, egg and plasma lecithins were hydrolyzed with phospholipase A until no detectable lecithin remained by thin layer chromatography.
The control and enzyme-treated solutions were incubated with the butanolextracted membranes and only the control preparation restored the Rh activity. The time course of the appearance of rapid hemoglobin, as judged by the results of partial photodissociation of carbon monoxide, was followed with a stopped-flow flash photolysis apparatus.
Deoxyhemoglobin was mixed with carbon monoxide and a photolysis flash was fired after a short accurately measured time interval.
There is a marked lag in the appearance of rapid hemoglobin.
Analysis of the results suggests that this is not due to a first order process following ligand binding.
The lag cannot, therefore, be due to dissociation of hemoglobin into subunits or to loss of 2,3diphos-phoglycerate.
The results appear to be incompatible with schemes having the dimer as the prime unit of function.
It is proposed that the change in reactivity associated with the appearance of rapid hemoglobin occurs after at least three ligand molecules have combined.
This conclusion is supported by experiments with the hybrid species aNOPC0 which behaves as a functional tetramer.
The time course of the appearance of rapid hemoglobin was not significantly influenced by 2,3diphosphoglycerate.
It has been accepted for some time that the binding of ligand by hemoglobin is associated with a conformation change, the details of which are now being documented (1, 2) with growing precision in the work of Perutz and his associates. The binding of ligand by hemoglobin is also associated with an increase of affinity as saturation rises, exemplified in the sigmoid saturation curve. This effect, often called heme-heme interaction, has been expressed numerically by the analysis of exceptionally precise measurements of the equilibrium between sheep hemoglobin and oxygen which allowed Roughton, Otis, and Lyster (3) to assign a unique set of values with reasonable standard errors to four constants in Adair's equation (4) . The first three of these were roughly equal, but the fourth was some 250 times greater than the first. It was suggested that after three ligand molecules had combined, there was a conformation change in the hemoglobin molecule which greatly increased the affinity of the remaining free site for ligand.
This interpretation seemed to be supported by kinetic experiments in which the combination of carbon monoxide with hemoglobin was studied by flow methods (5) and in photochemical experiments using flash photolysis (6) . In the flash experiments, it was found that the rate of recombination of CO was a function of the proportion of CO photolysed, and was about 60 times greater when this proportion was small than when it was large. It was suggested that the species Hbh(CO)a was especially rapid in its reaction with CO, and preponderated when the proportion of CO photolysed was small.
More recently, approximate models have been suggested in which the dimer is the significant functional unit. Guidotti (7) has proposed that ligand molecules combine effectively in pairs: that is, when a ligand molecule binds to one of a pair of sites the affinity of the other site is much increased, and Parkhurst and Gibson (8) have represented kinetic results by a dimer model in which the increase in affinity follows, rather than precedes, combination of a second ligand molecule. These two dimer models make very different predictions about the time course of the appearance of rapid behavior on flash photolysis, which Gibson and Antonini (9) tried to test by combining stopped-flow and flash techniques.
The apparatus they used, which had been designed for work with cytochrome oxidase, required the use of very dilute solutions of hemoglobin, and the effects observed were consistent with a dissociation phenomenon following ligand binding.
We now report briefly results obtained with a modified stopped-flow and flash cuvette having a 5-mm optical observation path and a 2-mm irradiation light path. The absorbance measurements were made at 372 rnp and the photolysis flash was obtained from a commercial apparatus (Multiblitz) with an output of 200 J and time constant (to l/e) of 250 psec. The reaction between deoxyhemoglobin and CO was started by flowing fresh reagents into the cuvette. After a suitable preset time interval, measured electronically, the point reached in the reaction was recorded by a sample-and-hold device and the photolysis flash was fired. The photolysis flash initiated the collection of absorbance data using a crystal-controlled timing unit, a PDP8/S computer, and 138E analogue to digital converter (Digital Equipment Corporation, Maynard, Massachusetts)
